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Description 

METHOD FOR ANALYZING FINAL TEST 

PARAMETERS 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a method for analyzing 

semiconductor process parameters, and more particularly, 
to a method for analyzing final test parameters. 

[0003] 2. Description of the Prior Art 

[0004] | n t he arena of semiconductor manufacturing, many pro- 
cesses, such as photolithography processes, etching pro- 
cesses, ion implantation processes, etc., are required to 
complete the fabrication of a semiconductor product. A 
large amount of equipment and complicated procedures 
are required in a semiconductor manufacturing process. 
Therefore, engineers in the field spend a great deal of 
time ensuring the proper operation of equipment, sus- 
taining or improving production yield rates, detecting and 



verifying problems, and periodically maintaining facilities 
for production and the like so as to ensure that overall 
operationsare in good order, and to ensure the production 
of satisfactory products. 

[0005] | n order to identify semiconductor processing problems, 
data such as process parameter data, in-line quality con- 
trol (in-line QC) data, defect inspection data, sample test 
data, wafer test data, and final test data, are analyzed. 
The final test data contains testing values acquired by 
performing testing of semiconductor devices after dicing 
and packaging procedures. 

[0006] please refer to Fig.l. Fig.l is a flow chart of a prior art 
method for analyzing final test parameters. As shown in 
Fig.l, step 101 is first executed by an engineer to perform 
various final test itemsupon each semiconductor device 
after the packaging process. For example, the testing of 
certain electrical characteristics is performed onthe pins 
of the semiconductor devices. 

[0007] step 102 is then executed. In step 102, the results ac- 
quired from various final test items performed upon each 
semiconductor device is analyzed by an engineer to detect 
products having abnormal final test results. 

[0008] | n s tep 103, the possibly faulty process step or the possi- 



bly faulty testing step is determined by way of personal 
experience acquired by an engineer, and is based upon 
the final test results of the abnormal products selected 
from step 102. A possibly faulty process stepmay be, for 
example, a packaging process, and the possibly faulty 
testing step, for example, may be an in-line quality con- 
trol step, a sample test, etc. 
[0009] Finally, step 104 is executed. In step 104, the engineer 
identifies the malfunctioning equipment by checking the 
equipment utilized in the process step determined in step 
103, or reset various preset values of the testing step de- 
termined in step 103. For example, the engineer may first 
determine that one of the pins in the semiconductor de- 
vice is out of order, search for the process step in which 
the packaging process is performed, and find out which 
equipment is malfunctioning, such as the wire bonding 
equipment, the molding equipment, etc. In addition, if the 
engineer determines that the problem of the semiconduc- 
tor device is correlated to a previous manufacturing pro- 
cesses, then it can be assumed that an in-line testing 
step, executed previously, has also probably gone wrong, 
to cause the problematic products are not able to be 
checked out. Under such circumstances, the engineer will 



have to revise various predefined specs of the in-line 
testing step to ensure that the problem is not repeated. 

[0010] However, since the analysis results (step 103) and the re- 
vised numerical values (step 104) are determined accord- 
ing to an engineer's personal experience, the accuracy 
and confidence level of the final analysis results are open 
to question. Furthermore, human resources in semicon- 
ductor manufacturing plants change frequently. It is not 
easy to transfer an engineer's personal experience. The 
capacity of each engineer is a limited resource, meaning 
that the engineer is unable to look after the operational 
status of all the equipment in the plant. When the testing 
results from semiconductor products indicate abnormali- 
ties, it is often difficult for engineers, lacking in experi- 
ence, to rapidly and correctly determinewhich process 
point is responsible for the problem. As a result, a lot of 
time is wasted to undertake related research, and even 
worse, incorrect decisions are made. This will not only re- 
duce process efficiency, but also increases costs. Further- 
more, the in-line production status cannot be improved in 
time to increase the yield rate. 

[° 011 ] It is therefore very important to provide an analytical- 
method to rapidly and correctly determinewhich point in a 



semiconductor manufacturing process has causeda prob- 
lem to occur, and to correct the predefined specs when 
the final test data of the semiconductor products indicates 

abnormalities. 
Summary of Invention 

[0012] | t j S an objective of the claimed invention to provide a 

method for analyzing final test parameters to rapidly and 
correctly determinewhich point causesproblems to occur- 
when final test data of semiconductor products indicates 
abnormalities. 

[0013] it is another objective of the claimed invention to provide 
a method for analyzing final test parameters to revise the 
control spec of in-line quality control or the sample test 
according to the testing results acquired from the final 
test and the in-line quality control or the sample test. 

[0014] n i S a feature of the claimed invention toanalyze various 
testing data and equipment data of inferior product lots 
by utilizing a statistical analysis means and a commonality 
analysis means, using superior product lots as a reference 
group. 

[0015] The claimed invention method for analyzing final test pa- 
rameters is utilized for analyzing a plurality of product 
lots, each of the product lotshaving a lot number, the 



product lots fabricated by way of a plurality of equip- 
ment. Each wafer in each product lot is tested according to 
a plurality of final test items to generate a plurality of final 
test parameters.The final test items, the final test param- 
eters, and a packaging process step correlated to the final 
test items are stored in a database.The final test parame- 
ters of the plurality of product lots are retrievedby search- 
ing the database. The final test parameters are compared 
to select a representative final test parameter and a corre- 
sponding representative final test item. It is then deter- 
mined if the representative final test item is correlated to 
the packaging process step. The representative final test 
parameters of the plurality of product lots are compared 
with a predefined spec if the representative final test item 
is correlated to the packaging process step to classify the 
product lot having the representative final test parameter 
greater than the predefined spec into a first failed group, 
and the product lot having the representative final test 
parameter smaller than the predefined spec into a first 
qualified group. The equipment through which the prod- 
uct lots in the first qualified group has passed in the 
packaging process step is searched. The equipment 
through which the product lots in the first failed group 



had passed in the packaging process step is also 
searched. The equipment having a probability of having 
processed the first failed group being greater than a 
probabilityof having processed the first qualified group is 
then determined. 

[0016] | n addition, each wafer in each product lot is tested ac- 
cording to an in-line quality control item and a sample 
test item correlated to the final test item to generate an 
in-line quality control parameter and a sample test pa- 
rameter. The in-line quality control item, the sample test 
item, the in-line quality control parameter, and the sam- 
ple test parameter are stored in the database. According 
to the present invention method for analyzing final test 
parameters, the control spec of the in-line quality control 
or the sample test is revised by statistically analyzing the 
testing results acquired from the final test and the in-line 
quality control or the sample test. 

[0017] | t j S an advantage of the claimed invention to utilize a 
plurality of superior product lots as a reference group, 
and utilize statistical analysis means and commonality 
analysis means to analyze various testing data and equip- 
ment data of the inferior product lots. Therefore, a point 
causing problems to occur is rapidly and correctly deter- 



minedwhen the final test data of semiconductor products 
indicates abnormalities so that the possibly faulty process 
step is determined correctly. As a result, malfunctioning 
equipment is identified. In addition, the control spec of 
the in-line quality control or the sample test is revised ac- 
cording to analysis results. By effectively reducing mis- 
takes due to a lack of personal experience on the part of a 
process engineer, processing efficiency is improved, cost- 
sare decreased, and the overall in-line production status 
is improved in time to increase yield rates. 
[0018] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0019] pig.l is a flow chart of a prior art method for analyzing fi- 
nal test parameters. 

[0020] pig. 2 is a flow chart of a method for analyzing final test 
parameters according to a preferred embodiment of the 
present invention. 

[0021] pig. 3 is an example table showing final test parameters 

acquired from the method for analyzing final test parame- 



ters depicted in Fig. 2. 

[0022] pig. 4 is a flow chart of a method for analyzing final test 

parameters according to the preferred embodiment of the 

present invention if the representative final test item is 

not correlated to the packaging process steps. 
Detailed Description 

[0023] | n the following, relevant drawings are referred to illus- 
trate a method for analyzing final test parameters accord- 
ing to a preferred embodiment of the present invention. 
Identical components are described with the same refer- 
ence numbers. 

[0024] please refer to Fig. 2. Fig. 2 is a flow chart of a method for 
analyzing final test parameters according to the preferred 
embodiment of the present invention. The objective of the 
method according to the preferred embodiment of the 
present invention is to analyze and identifymalfunctioning 
packaging equipment. 

[0025] As shown in Fig. 2, step 201 is first executed to search for 
a plurality of final test parameters from a plurality of 
product lots according to the method for analyzing the fi- 
nal test parameters in the preferred embodiment of the 
present invention. Then step 202 is executed to compare 
the final test parameters to select a representative final 



test parameter and a corresponding representative final 
test item. Please refer to Fig. 3. Fig. 3 is an example table 
showing final test parameters acquired from the method 
for analyzing final test parameters indicated in Fig. 2. For 
example, if there are n product lots, all of the product lots 
are analyzed according to the final test items, comprising 
item A, item B, and item C, and all of the final test param- 
eters are shown in Fig. 3. Each of the percentage values 
shown in Fig. 3 represents the failure rate of each lot num- 
ber in each final test item. In this step item A, which is the 
final test item having the highest average failure rate, is 
selected as the representative final test item. In other 
words, the representative final test item is a killed final 
test item, which is the final test item having the highest 
average failure rate when a plurality of lots of products 
are tested. 

[0026] | n the preferred embodiment of the present invention, 

each product lot, comprising twenty-five wafers, has a lot 
number. Each product lot is fabricated byway of a plural- 
ity of equipment for a plurality of process steps, and is 
tested according to a plurality of final test items to gener- 
ate a plurality of final test parameters. 

[0027] step 203 is thereafter executed to determine if the repre- 



sentative final test item is correlated to a packaging pro- 
cess step. Generally speaking, each of the final test items 
is correlated to some specific processing equipment. In 
the preferred embodiment of the present invention, this 
correlation is stored in a database to avoid determinations 
based upon personal judgment. 
[0028] if the representative final test item is determined to not 

correlate with the packaging process step in step 203, the 
present invention method will execute analysis for other 
correlating processes, such as an in-line quality control, a 
sample test, etc. (as shown in Fig. 3). If the representative 
final test item is determined to correlate with the packag- 
ing process step in step 203, step 204 is executed to 
classify the plurality of product lots into at least a first 
qualified group and a first failed group according to the 
representative final test item. For example, the parameter 
of each product lot in item A (the failure rate) is compared 
with a predefined spec of item A (for example: 20%) in this 
step to determine if the parameter of each product lot in 
item A is greater than the predefined spec of item A. If it 
is not, the product lot is classed into group A (the first 
qualified group), for example, the lot numbers 1, 2, 3, 4, 
and 5 (as shown in step 205). If it is, the product lot is 



classed into group B (the first failed group), for example, 
the lot numbers 6, 7, 8, 9 and 10 (as shown in step 206). 

[0029] Next, step 207 is executed to calculate the probabilities of 
the plurality of equipment through which Group B had 
passed in the packaging process step. Generally speaking, 
a plurality of equipment is utilized in one packaging pro- 
cess step, such as El, E2, E3, etc. In addition, step 208 is 
executed to calculate the probabilities of the plurality of 
equipment through which Group A had passed in the 
packaging process step. Finally, Step 209 is executed to 
determine the equipment that has a probability of having 
processed group B that is greater than a probability of 
having processed group A, by utilizing a commonality 
analysis means. The equipment having a probability of 
having processed group B that is greater than a probabil- 
ity of having processed group A, as determined in Step 
209, is the possibly faulty packaging equipment analyzed 
according to the method for analyzing final test parame- 
ters in the preferred embodiment of the present invention. 

[0030] please refer to Fig. 4. Fig. 4 is a flow chart of a method for 
analyzing final test parameters if the representative final 
test item is determined to not correlatewith the packaging 
process step according to the preferred embodiment of 



the present invention. As shown in Fig. 4, step 401 is exe- 
cuted immediately after the representative final test item 
is determined to not correlatewith the packaging process 
step in step 203. In step 401, the plurality of product lots 
are classified into at least a second qualified group and a 
second failed group according to the representative final 
test item. In the preferred embodiment of the present in- 
vention, the parameter of each product lot in item A (the 
failure rate) is compared with the predefined spec of item 
A (for example: 20%) in this step to determine if the pa- 
rameter of each product lot in item A is greater than the 
predefined spec of item A. If it is not, the product lot is 
classed into the second qualified group. If it is, the prod- 
uct lot is classed into the second failed group. 
[0031] step 402 is then executed to search the second qualified 
group and the second failed group within the database for 
the in-line quality control item or the sample test item 
correlated to item A (the representative final test item), 
and the corresponding in-line quality control parameter 
or the corresponding sample test parameter, respectively. 
In the preferred embodiment of the present invention, an 
in-line quality control item correlated to item A is selected 
in this step (as shown in step 403). 



[0032] Next, step 404 and step 405 are executed to determine if 
there is a discrepancy between the search results of the 
second failed group and the second qualified group by 
way of a statistical means. According to the preferred em- 
bodiment of the present invention, the parameters ac- 
quired from the in-line quality control determined in step 
403 are first analyzed in step 404 to calculate a mean and 
a variance of the in-line quality control parameters. Step 
405 is then executed to determine if there is a discrep- 
ancy between the average and the variance of the in-line 
quality control parameters of the second failed group and 
the average and the variance of the in-line quality control 
parameters of the second qualified group, respectively. If 
there is no discrepancy according to the results deter- 
mined in step 405, the overly high failure rate in item A is 
not caused by the in-line quality control item selected in 
step 402 (as shown in step 403), and so the analysis is 
stopped. If there is a discrepancy according to the results 
determined in step 405, step 406 is executed because the 
overly high failure rate in item A is probably correlated to 
the in-line quality control item selected in step 402 (as 
shown in step 403). 

[0033] | n s tep 406 to step 411, the causes forthe problematic in- 



line quality control item are analyzed so that a method for 
revising the control spec of the in-line quality control item 
is provided. 

[0034] | n s t e p 406, the quantities of out of spec portions in the 
second failed group and the second qualified group are 
calculated by way of a statistical means according to a 
predefined spec of the in-line quality control item se- 
lected in step 402 (as shown in step 403). At the same 
time, a ratio of a number of product lots in the out of spec 
portion in the second failed group to a total number of 
product lots in the second failed group, and a ratio of a 
number of product lots in the out of spec portion in the 
second qualified group to a total number of product lots 
in the second qualified group are also calculated. In the 
preferred embodiment of the present invention, the pre- 
defined spec of the in-line quality control item, compris- 
ing a predefined up spec limit and a predefined low spec 
limit, provides a specific range. Therefore, a ratio of a 
number of product lots in the second failed group ex- 
ceeding the predefined up spec limit to a total number of 
product lots in the second failed group (PaL), and a ratio 
of a number of product lots in the second qualified group 
exceeding the predefined up spec limit to a total number 



of product lots in the second qualified group (PaH) are 
calculated in this step. In addition, a ratio of a number of 
product lots in the second failed group being lower than 
the predefined low spec limit to a total number of product 
lots in the second failed group (PbL), and a ratio of a 
number of product lots in the second qualified group be- 
ing lower than the predefined low spec limit to a total 
number of product lots in the second qualified group 
(PbH) are also calculated. 
[0035] step 407 is thereafter executed to determine if there is a 
discrepancy between portions in the second failed group 
exceeding the predefined up spec limit and lower than the 
predefined low spec limit and portions in the second 
qualified group exceeding the predefined up spec limit 
and lower than the predefined low spec limit, by compar- 
ing PaL with PaH, and PbL with PbH respectively. If results 
determined in step 407 indicate that there is a discrep- 
ancy, step 408 is executed to determineif the overly high 
parameters acquired from the representative final test (the 
parameters acquired from the killed final test item) are 
caused by deviation of testing results acquired from the 
in-line quality control item searched in step 402 (as 
shown in step 403). According to the preferred embodi- 



ment of the present invention, a CDF plot may be utilized 
to output the testing results acquired from the in-line 
quality control item searched in step 402 (as shown in 
step 403) in step 408. Engineers are thus allowed to cali- 
brate and revise the spec data of the in-line quality con- 
trol according to the CDF plot. 
[0036] |f results determined in step 407 indicate that there is no 
discrepancy, step 409 is executed to analyze the quanti- 
ties of out-of-narrowed spec portions in the second failed 
group and the second qualified group by a statistical 
means according to a narrowed spec. At the same time, a 
ratio of a number of product lots in the out-of-narrowed 
spec portion in the second failed group to a total number 
of product lots in the second failed group and a ratio of a 
number of product lots in the out-of-narrowed spec por- 
tion in the second qualified group to a total number of 
product lots in the second qualified group are also calcu- 
lated. In the preferred embodiment of the present inven- 
tion, the narrowed spec of the in-line quality control item, 
comprising an up narrowed spec limit and a low narrowed 
spec limit, provides a specific range. It is worth noting 
that the range of the predefined spec is usually six stan- 
dard deviationsfor the in-line quality control process, the 



up narrowed spec limit is one standard deviation smaller 
than the predefined up spec limit, and the low narrowed 
spec limit is one standard deviation greater than the pre- 
defined low spec limit. As a result, the range of the nar- 
rowed spec is usually four standard deviations wide. 

[0037] a ratio of a number of product lots in the second failed 
group exceeding the upnarrowed spec limit to a total 
number of product lots in the second failed group (PaL), 
and a ratio of a number of product lots in the second 
qualified group exceeding the up narrowed spec limit to a 
total number of lots of products in the second qualified 
group (PaH) are therefore calculated in step 409. In addi- 
tion, a ratio of a number of product lots in the second 
failed group being less than the low narrowed spec limit 
to a total number of product lots in the second failed 
group (PbL), and a ratio of a number of product lots in the 
second qualified group being lower than the low narrowed 
spec limit to a total number of product lots in the second 
qualified group (PbH) are also calculated. 

[0038] step 410 is then executed to determine if there is a dis- 
crepancy between portions in the second failed group ex- 
ceeding the up narrowed spec limit and being lower than 
the low narrowed spec limit and portions in the second 



qualified group exceeding the up narrowed spec limit and 
being lower than the low narrowed spec limit, by compar- 
ing PaL" with PaH", and PbL" with PbH" respectively. If the 
results determined in step 410 indicate that there is no 
discrepancy, the analysis is stopped because the overly 
high failure rate in item A is not caused by the in-line 
quality control item selected in step 402 (as shown in step 
403). If the results determined in step 410 indicate that 
there is a discrepancy, step 411 is executed to determineif 
the overly high parameters acquired from the representa- 
tive final test (the parameters acquired from the killed fi- 
nal test item) are caused by deviation of testing results 
acquired from the in-line quality control item searched in 
step 402 (as shown in step 403). According to the pre- 
ferred embodiment of the present invention, a CDF plot 
may be utilized to output the testing results acquired 
from the in-line quality control item searched in step 402 
(as shown in step 403) in step 411. Engineers are thus al- 
lowed to calibrate and revise the spec data of the in-line 
quality control according to the CDF plot. 
[0039] Furthermore, the test item searched in step 402 may be a 
sample test item according to another preferred embodi- 
ment of the present invention. Under the circumstances, 



the sample test item is analyzed and results of the sample 
test are compared (not shown) in step 403 to 411. As a 
result, engineers are able to calibrate and revise the spec 
data of the sample test according to analysis results. 

[0040] | n summary, the present invention method for analyzing 
final test parameters utilizes a plurality of superior prod- 
uct lots as a reference group, and utilizes commonality 
analysis means to determine the possibly faulty packaging 
equipment by comparing data, or utilizes statistical analy- 
sis means to analyze the in-line quality control data or the 
sample test data of the inferior product lots. Therefore, 
thepoint causing the problem to occur is rapidly and cor- 
rectly determinedwhen the final test data of semiconduc- 
tor products indicates abnormalities so that the possibly 
faulty process step is determined correctly. As a result, 
malfunctioning equipment is identified. In addition, the 
control spec of the in-line quality control or the sample 
test is revised according to analysis results. By effectively 
reducing error due to a lack of professional experience, 
processing efficiency is improved, costsare decreased, and 
the in-line production status is improved in time to in- 
crease yield rates. 

[0041] Those skilled in the art will readily observe that numerous 



modifications and alterations of the method may be made 
while retaining the teachings of the invention.Accordingly, 
the above disclosure should be construed as limited only 
by the metes and bounds of the appended claims. 



